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Abstract Synthesizing behavior and microstructural evolution of CaZrO; and m-ZrQ, in a thermal reaction
process of ZrSiO4-xCaCO; mixtures, where x is 7 and 19, were investigated to determine the addition amount
of Ca0 in Ca0:Zr0,:Si0, ternary composition. CaZr0;-CagSiO, precursor prepared by the mixture of ZrSiO,
and CaCO; in aqueous suspending media was controlled to the acidic (pH=4.0) condition with HCI solution
to enhance the thermal reaction. The addition amount of dispersant into the ZrSiO,;-xCaCOj slip increased with
increasing mole ratio of CaCOs;, which was associated with the viscosity of slip. Decarbonation reaction was
activated with an increase of the addition amount of CaCOs;, showing different final temperatures in ZrSiOy4-
7CaCO; and ZrSi04-19CaCO; mixtures as about 980 and 1160°C, respectively, for finishing decarbonation
reaction. The grain morphology was changed to spherical shape for all samples with an increase of sintering
temperature. The grain size and phase composition of the synthesized composites depended on the mixture
ratio of ZrSiO, and CaCO; powders, indicating that the main crystals were m-ZrO; (<3 ym) and CaZrO; (=
7 ym) in ZrSiO47CaCO; and ZrSiO,-19CaCO; mixtures, respectively.
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=

—_

1. M

e s} "ol i AR #7d9] 3t
AEA oM 1FEZs}] g .75
]

g 7pae 2

3+ A

Z g8l 1&g WskEo g #AF 34
A7t AP H2 AFHIL e Cao-
Z10,-Si0, Aol 3l ZAJoHCa0)St A 2H U oKZr0,)
A Waee 7229 dAAE T B 9B &
2] Alehy geze} 72 AdE BopEwt olyg 1Le
WatE S840 9o 53 AHS 2 J?

gy ZAolA Walee 37 $o FEF A W

E-Mail : jungyg @changwon.ac kr

572

ato] F3ike-g 4o, F3ee FuHstE F
FsiA S 1 Askz 495 w37t 4A dojduh =
Foojelst A wio] ZAoMH UstEE 544
o glojMe] BAIM 47)7ke] Bl 3lo] ojElgo] &
of YstE Az U0} ARG B Ako] mpE
oh wpEtA 228 st AR lojM Ca09] A
TEZ FFY2Z ZMCIE (CaCOy)2] E&o] A|AH
Rem, ol ANZF(ZUSI0NT TA L& WA s 2A
FL7PsA0] otk B8], CaCOs= F7AH0) SlojA &
Ao E3AZ AMEET oy, BEE, shikE, Ulgt
2, &9, A7 59 B $AEANE A29H, ¢
$0] 318} AgolA A T8 FAHRE AMEHT S
t}9 o]t CaCOs} 22 HAAFEQ] AL A2y
4 A7t Ca0A T& YA sEH o g8o] 7y
o, AA 8} L2 128 AEEM B84 I
7b 71T}

(Z oo

e



5ZrSi04-xCaCO; EFA N CaCO; FH710| CaZrOSt m-7r0 T4 2 updlFxsle]] wlxe 33k

Zr0,% CaZr0;9) EA= 33H4
ool f219 sEd A3 s
Tl ez e =AM REEd
A3 a2 o) 7ed A sl 2FHo2 ATFEX
gttt mwebd B Aol e ZrSi0xCaC0,8) 83
B 2 wkgo) o) m-Zr0,, CazZrO; 3 2 I
A AlEHe BIETe F4AFH v+ Hst
g FFsen, 32 YssEANe E8rtsgdel o
& 2FASATh ol Y TR 2AvE FHE
xC20:Zr0,:8i0,2) 39 A A i3k Ca0e) HZ A
7V AA s, ZrSioh CaCO52l E§H) 7} CaZrOs
9} m-Zr0,2] FAAEH vl TEEs vXE G
&l st

8wy

2.

>

21, E4EE % M=

2 AP FLERL AZF(ZrSi0s, #200mesh,
Milled Zircon, ELF ATOCHEM CO., USA)¥ u)A|3}
A E3¥ ZHo]E(CaCO;, SEALIME TECH CO,,
LTD, KOREA)YE AM&3t%\ T} ZrSiOqf CaCO:8 &4
2. B A7 (Mastersizer E, Malvern Instruments, Ltd.,
Worcestershire, UK) 2 X-A 324 7/(XRF, PW
2400, Philips, Netherlands)E =439 eH, 2 FAI=
Table 1914 YERNGITE Ca0-Zr0,-Si0,2] 394 AHHx
(Fig. 1)l 7]xsle] B Ao AHeE 5ZrSiOzx

Si0,
K

5 ’
o s

&
0y
»
o

573

CaCO; [x=7,1918) 7zt 2ANA Ca0-Zr0,-Si0,2) %4
ZFH|= Table 294 YeERAATH

E02A9 5ZrSi0-xCaCO; [x=7,19] EFELLS #
U3t GHNES s FAA A Fol AWEIA
& o]g3te BEARNZTE Fo)2A B4R Daxad 32
[poly(methacrylic acid), 25%, Hampshire Chem. Co.,
USAJE AHEEgol st FAHE Frleilom, 4R
ZiSio0l st CaCO; H7HES gE el wet {771
A7HAY] w28 dElatant. B3 7] £ £92¢
F9 E34'959} 5ZrSi0,-+CaCO,2] FHUSEES
7W7171 918k hydrochloric acid(HCl)&do=Z
CaCO,8l EHE BASAA. ol 1R £J& 214
(pH=4.0) 9922 2HHUT HFHo= Axd <4
o] 58 HAEPGL IR FU8E IHE <
1000 mPa - sec (at 20 sec’)) oJU & Aojslgon, Alz=
S s £89 vjH oA ojEg]A H(attrition
milling}# %4 (aging) S 7% F H=A (Rheometer,
RS75, Haake, Karlsrube, Germany)E ©]&3lo A&
(25°C1IM HEE s BH7tsAT. AEE €39
e €49 FY4, €99 2N 5 Htg + 3

223 5402 Einstein?] P g8 et &4
& MIE=X SHA 2 (slip-
ARAE 2714 1200CE FA1§
Azt

i fr
B
s

>
[»

4¢1

casting) 3t} &
F 24N 7FS

2.2. 54HJ}

5ZrSi04-xCaCO; E3HE4] 83 AT Fe] &
£ #F37 QA Ax ABAE vEeE B T,
TG/TDA (TG/DTA, SDT2960, TA Instrument, USA)S
olg3td WIE7MN S2EE 5°C/minZE 3
1300°C7H] €84S HAlskath. Axd 2% 9 1000~
1300°C 2= oA 3A7HEe EXEld BEES 34
ZH26)°] 10~70° YA X 3EE47] (XRD,
Philips, X-pert MPD, PW 3040, Netherlands)E ©]&3}
o gxgld AHEY 2z vt Y E HF 2R
e IS 48N AAE VRE e £HAL

=7

l

Table 2. Experimental composition (mol%) of the ZrSiO4-
CaCO; powder mixtures.

LV2 f o~
€a0 80 60 2260'%:3 m:) nese Zr0, Sample Ca0 7O, Si0,
Fig. 1. Phase diagram of CaO-Zr0,-SiO,. @ and ® denote @ (5Z18i0,-7CaCOy) 4L18 2941 2941
57rSi0,-7CaCO; and 5ZrSi04-19CaCO;, respectively.” ® (5Z1Si0,-19CaC0O;) 6552 17.24 17.24
Table 1. Characteristics of starting materials.
. Speciﬁc Medium ZI'SIO4 CaCO; Hf02 A1203 Y203 SrO Cl SO3
Starting . .
material Surface Area Particle Size
(¥g) D [v, 0.5] (wt%)
. . 97.65 1.51 0.69 0.16
Zircon (ZrSiOy) 0.09 13.36 um (+0.2) (£0.03) (£001) (+£0.001) - -
Calcium carbonate 263 153 um 99.41 i 0.15 0.31 0.04
(CaCOs) ) DI H (x£0.1) (£0.001) (£0.005) (+0.005)
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Fig. 2. Particle size distribution of the raw materials: (A)
CaCO; and (B) ZrSiO,.
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Fig. 4. Differential thermal analysis(DTA) and thermo-
gravimetric analysis (TGA) plots of each sample at heating
rate of 5°C/min: (A) 7CaCO;-5ZrSi0O, (pH=4.0) and (B)
19CaCO;-5ZrSiO4 (pH=4.0).
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Fig. 5. XRD analysis of the samples heat-treated at different
temperatures in (A) 5ZrSi0,-7CaCO; and (B) 5ZrSi04-
19CaCO; mixture: (a) 120°C, (b) 1000°C, (c) 1100°C, (d)
1200°C, and (e) 1300°C.
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Fig. 7. SEM images and EDS spot analyses of the fracture surfaces of samples heat-treated at 1500°C for 3 hrs: (A) 5ZrSiO4-

7CaCO; and (B) 5ZrSiO4-19CaCO;.
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